This paper derives a non linear optimal inventory policy involving instant deterioration of perishable items with allowing price discounts. This paper postulates that the inventory policy of perishable items very much resembles that of price discounts. Such a parallel policy suggests that improvements to production systems may be achievable by applying price discounts to increase demand rate of the perishable items. This paper shows how discounted approach reduces to perfect results, and how the post deteriorated discounted EOQ model is a generalization of optimization. The objective of this paper is to determine the optimal price discount, the cycle length and the replenishment quantity so that the net profit is maximized. The numerical analyses show that an appropriate discounted pricing policy can benefit the retailer and that discounted pricing policy is important, especially for deteriorating items. Furthermore the instant post deteriorated price discount crisp economic order quantity (CEOQ) model is shown to be superior in terms of profit maximization. The sensitivity analysis of parameters on the optimal solution is carried out.
Introduction
In the development of an EOQ system, the case of price discount and deterioration of the items are usually omitted. But in the real world, they exist and are quite flexible in nature. On the other hand, in order to motivate customers to order more quantities, usually the price discounts are allowed to obtain the maximum payoff. In many inventory systems, the deterioration of goods is a realistic phenomenon. In addition, the product perishability is an important aspect of inventory control. Deterioration in general, may be considered as the result of various effects on stock, some of which are damage, decreasing usefulness and many more. While kept in store fruits, vegetables, food stuffs, bakery items etc. suffer from depletion by decent spoilage. Lot of articles are available in inventory literature considering deterioration. Interested readers may consult the survey paper of [3] , [5] , [6] , [8] , [12] , [13] , [14] and [21] classified perishability and deteriorating inventory models into two major categories, namely decay models and finite lifetime models. Products which deteriorate from the very beginning and the products which start to deteriorate after a certain time. Lot of articles are available in inventory literature considering deterioration. As a pioneer in deterioration model, [9] identified different criteria for this problem including fuzzy and permissible delay in payment. If this product starts to deteriorate as soon as it is received in the stock, then there is no option to provide pre-deterioration discount. Only it is possible to give post deterioration discount on selling price. The objective is to find optimal values of the policy variables when the criterion is to optimize the expected total payoff over a finite horizon.
In last two decades the variability of inventory level dependent demand rate on the analysis of inventory system was described by researchers like [4] , [15] and [18] . They described the demand rate as the power function of on hand inventory. There is a vast literature on stock development inventory and its outline can be found in the review article by [11] where he unified two types of inventory level dependent demand by considering a periodic review model. Researchers such as [4] , [13] , [14] , [18] , [19] , [22] and [16] discussed the EOQ model assuming time value of money, demand rate, deterioration rate, shortages and so on a constant or probabilistic number or an exponential function. [5] and [10] suggested EOQ models with stock dependent demand for perishable items. This paper considers demand as a constant function for instant deterioration model. Every organisation dealing with inventory faces a numbers of fundamental problems. Pricing decision is one of them. In the development of an EOQ system, I usually omit the case of discounting on selling price. But in real world, it exists and is quite flexible in nature. On the other hand, in order to motivate customers to order more quantities for instant deterioration model usually supplier offers discount on selling prices. [1] developed an inventory model under continuous discount pricing. [7] studied an inventory problem under the condition that multiple discounts can be used to sell excess inventory. [17] and [20] mentioned that discount is considered temporarily for exponentially decaying inventory model. However, most of the studies except few, do not attempt to unify the two research streams: temporary price reductions and instant deterioration. This paper outlines the issue in details.
The paper tackles to investigate the effect of the approximation made by using the average payoff when determining the optimal values of the policy variables. The problem consists of the simultaneous comparison of crisp EOQ (CEOQ) and crisp entropic EOQ (CEnOQ) model, taking into account the conflicting payoffs of the different decision makers involved in the process. A policy iteration algorithm is designed with the help of [2] and optimum solution is obtained through LINGO software. In order to make the comparisons equitable a particular evaluation function based on discount is suggested. Numerical experiments are carried out to analyse the magnitude of the approximation error. The remainder of this paper is organised as follows. In section 2 assumptions and notations are provided for the development of the model. Section 3 describes the model formulation. In section 4, an illustrative numerical experiment is given to illustrate the procedure of solving the model. In addition, a comparative analysis between the profit maximization models is conducted. Section 5 presents the sensitivity analysis with critical discussion. Finally section 6 concludes this article with a brief summary and provides some suggestions for future research. 
Where a>0 is the demand rate independent of stock level.
is the percentage discount offer on unit selling price during instant deterioration.
( R n  , the set of real numbers) is the effect of discounting selling price on demand during deterioration.  is determined from priori knowledge of the seller with constant demand.
Mathematical Model
At the beginning of the replenishment cycle the inventory level raises to Q1. As the time progresses it is decreased due to instantaneous stock with constant demand. Ultimately inventory reaches zero level at T1. As instant deterioration starts from origin, r% discount on selling price is provided to enhance the demand of decreased quality items. This discount is continued for the rest of the replenishment cycle. Then the behaviour of inventory level is governed by the following system of linear differential equation.
with the initial boundary condition On integration and simplification of the relevant costs, the total profit per unit time (π1) becomes
If the product starts to deteriorate as soon as it is received in the stock, then there is only one option I may give post deterioration discount. The post deterioration discount on selling price is to be given in such a way that the discounted selling price is not less that the unit cost of the product, i.e. s(1-r)-c>0. Applying this constraint on unit total profit function I have the following maximization problem.
The post-deterioration discount on selling price is to be given in such a way that the discounted selling price is not less that the unit cost of the product, i.e. s(1-r)-c>0.
The objective here is to determine the optimal values of r and 1 T to maximize the unit profit function. It is very difficult to derive the results analytically. Thus some numerical methods must be applied to derive the optimal values of r and 1 T , hence the unit profit function. There are several methods to cope with constraint optimization problem numerically. But here the penalty function method [2] and LINGO software are implemented to derive the optimal values of the decision variables.
Numerical Example
The parameter values are a=80, b=0.3, h=0.6, s=10.0, C0=100.0, c=4.0, θ=0.03 and n =2.0.
After 178 iterations Table-2 reveals the optimal replenishment policy for instant deterioration order quantity model with post deterioration discount. In Table 3 the numerical results of different CEOQ and CEnOQ models are illustrated separately. The behaviour of the total profit per unit time to the lot size and the cycle length of post deterioration discounted model is shown in Figure 1 . Table-4 provides the relative error of the optimum order quantity and the optimum total profit of the present model with the other different models. 
Sensitivity Analysis
This paper has examined the sensitiveness of the decision variables, r, T1, Q1 and π1 for each set of the parameters (c, a, C0) shown in Table-5. Table-5 shows the relative changes of the price discount, r, the cycle length, T1, and the total profit per unit time, π1, when each of the parameters is being changed from +20 percent to +40 percent.
From Table-5 , it can be seen that the optimum price discount, r, is less sensitive with respect to c and highly sensitive with respect to the changes of the parameters a and C0. It also shows that the optimum order quantity, Q1 and the optimum cycle length, T1, are effectively sensitive with respect to the change of parameters c, a and C0. On the other hand, it is observed that the optimal total profit per unit time, π1, is highly sensitive with respect to the parameters c and a; and is less sensitive for the change of the parameter C0. 
Critical Discussion
The mathematical model is developed allowing post deterioration discount on unit selling price in crisp space. The numerical example is presented to justify the claim of model analysis. Temporary price discount for perishable products to enhance inventory depletion rate for profit maximization is an area of interesting research. This paper compares with EnOQ models which introduce the concept of entropy cost to account for hidden cost such as the additional managerial cost that is needed to control the improvement of the process.
Though lower amount of percentage discount on unit selling price in the form of post deterioration discount for larger time results in lower per unit sales revenue, still it is more profitable. Because the inventory depletion rate is much higher than for discount with enhanced demand resulting in lower amount inventory holding cost and deteriorated items. Thus it can be conjectured that it is always profitable to apply post deterioration discount on unit selling price to earn more profit. Thus the firm in this case can order more to get earn more profit.
These models can be considered in a situation in which the discount can be adjusted and number of price changes can be controlled. Extension of the proposed model to unequal time price changes and other applications will be a focus of the future work.
Conclusion
This paper provides a non linear profit maximization policy to extend arithmetic approach for perishable items with instant deterioration for the discounted entropic order quantity model in the adequacy domain. To compute the optimal values of the policy parameters a simple and quite efficient policy model was designed. Finally, in numerical experiments the solution from the instant deteriorated model evaluated and compared to the solutions of other different traditional CEnOQ policies.
However, this paper shows few performance differences among a set of different inventory policies in the existing literature. Although there are minor variations that do not appear significant in practical terms, at least when solving the single level, incapacitated version of the lot sizing problem. From the analysis it is demonstrated that the retailer's profit is highly influenced by offering post discount on selling price. The results of this study give managerial insights to decision maker developing an optimal replenishment decision for instant deteriorating product. Compensation mechanism should also be included to induce collaboration between retailer and dealer in a meaningful supply chain. This paper is concluded by summarizing some of the managerial insights resulting from the work.
In general, for normal parameter values the relative payoff differences seem to be fairly small. The optimal solution of the suggested post deterioration discounted model has a higher total payoff as compared with EnOQ models. Conventional wisdom suggests that workflow collaboration in an entropic model in a varying deteriorating product in market place are promising mechanism and achieving a cost effective replenishment policy. Theoretically such extensions would require analytical paradigms that are considerably different from the one discussed in this paper, as well as additional assumptions to maintain tractability.
The approach proposed in the paper based on EOQ model seems to be a pragmatic way to approximate the optimum payoff of the unknown group of parameters in inventory management problems. The assumptions underlying the approach are not strong and the information obtained seems worthwhile. Investigating optimal policies when demand are generated by other process and designing models that allow for several orders outstanding at a time, would also be challenging tasks for further developments. Its use may restrict the model's applicability in the real world. Future direction may be aimed at considering more general deterioration rate or demand rate. Uses of other demand side revenue boosting variables such as promotional efforts are potential areas of future research. There are numerous ways in which one could consider extending our model to encompass a wider variety of operating environments. The proposed paper reveals itself as a pragmatic alternative to other approaches based on constant demand function with very sound theoretical underpinnings but with few possibilities of actually being put into practice. The results indicate that this can become a good model and can be replicated by researchers in neighbourhood of its possible extensions. In order to overcome most of the pitfalls in the existing inventory policy, further studies need to be carried out such as by introducing the concept of shortage and partial backlogging applying on it. The research of finding the best inventory policy with valid, rationale and robust characters is still an unending story.
